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Constants of motion are calculated for 2+1 dimensional gravity with topology IR  T
2
and negative cosmological constant. Certain linear combinations of them satisfy the
anti - de Sitter algebra so(2; 2) in either ADM or holonomy variables. Quantisation is
straightforward in terms of the holonomy parameters, and the modular group is gener-
ated by these conserved quantities. On inclusion of the Hamiltonian three new global




that (2+1)-dimensional gravity, with or without a cosmological
constant , has (at least) two equivalent descriptions. For topology IR  T
2
and











































is in terms of global, time-independent parameters r

1;2




























tion number +1, and the  refer to the two copies of SL(2,IR) in the decomposition










of Eq. 2 are arbitrary, but are related, through a





















































































with  monotonic in the range t  (0;
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) at some initial time t
0
.
2 Constants of the motion
2.1 ADM Variables




, from the traces of the































































































































































Quantisation of these constants and the Hamiltonian (Eq. 1) in terms of these ADM









































and they are evidently time independent. Quantisation is straightforward in terms








































































































depend only on the r
+
's and the j
 
a













































This particular value of the Casimir
^
j (in Eq. 12) corresponds to a particular
discrete representation of SU(1; 1) which will be discussed elsewhere. Note that the





(Eq. 10) but that any other ordering would only
produce terms of O(h
2
) on the R.H.S. of Eqs. 11 and 12.
2.3 The Quantum Modular Group Generated
The modular group acts classically on the torus modulus and momentum and holon-
omy parameters as
S : m!  m
 1































and generates the entire group of large dieomorphisms of IRT
2
.
With the ordering of Eq. 3 (the only ambiguity), the quantum action of the
modular group is the same as the classical one, with no O(h) corrections, and is
































































The quantum algebra (Eq. 11) and the identities (Eq. 12) are invariant under
the transformations of Eq. 13.
3 The Extended Algebra
Using Eq. 9 it can be checked that the Hamiltonian
^

H (Eq. 5) does not commute


































































































































in addition to Eqs. 11 and 15, with the 3 additional identities (making, with Eq. 12,

































The above 10-dimensional algebra is isomorphic to the Lie algebra of so(2; 3), whose
corresponding group is the conformal group of 3-dimensional Minkowski space
11
.
The precise identications with the dilatation D and the conformal accelerations
are given in
1










(Eq. 10) of the






require both the commuting  spinors (Eq. 9). Their action on the ADM and
holonomy parameters is under study.
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